I. INTRODUCTION
FERTILiTY, as measured by seed setting after self or cross pollination, depends on pollen fertility, embryo-sac fertility, success of fertilisation and normality of embryo and endosperm development. Fertility can be reduced by abnormalities in any of these stages and in structural hybrids both genotypic and segregational sterility operates. Segregation in structural hybrids leads to both genic and numerical unbalance .
Multiple hybrids
Unnamed "Stenographer Lily Open pollinated in the gametes. Unbalanced gametes cannot survive and fertility is reduced. Individually viable gametes can produce unbalanced combinations, resulting in sterility in the zygote. The development of squash techniques allows us to examine the male and female gametes and also the developing seeds. It offers us an opportunity of re-examining the abnormalities reducing fertility in structural hybrids.
MATERIALS AND METHODS
Two F1 hybrids, Marhan and Daihansoni, and several multiple hybrids were used in these studies. Parentages are given in table i (Woodcock and Steam, I 950) . A number of species including both self-fertile and self-sterile forms were used throughout as controls.
Meiosis in pollen mother cells (PMC) was studied in smears stained with Feulgen reagent (hydrolysis N/s HC1, 600 C., 6 mins.) or aceto.carmine squashes made after fixation in methyl alcohol or acetic alcohol (i : 3). Embryo-sacs and endosperms were dissected and squashed in 45 per cent, acetic acid after fixation in Carnoy fluid (6 : 3: i) and staining with Feulgen reagent (hydrolysis so mins.).
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Pollen tube growth in styles and pollen fertility were measured after staining with o4 per cent. cotton blue in lacto-phenol.
For fertilisation studies ovules were embedded in wax, sections cut 40 a thick and stained with crystal violet.
DEVELOPMENT OF POLLEN
Meiosis in pollen mother cells.-The species had high chiasma frequencies and complete pairing at M I. The hybrids had reduced chiasma frequency (table 2) Crossing-over in inverted segments in structural hybrids results in bridges and fragments at first or second anaphase (Richardson, 1936) . The inversion crossing-over frequency is a measure of hybridity with respect to inverted segments, but the reduced chiasma frequency in the hybrids tends to mask the full expression of these changes. A more accurate estimate of the hybridity is given by the coefficient of hybridity which compensates for the reduced crossing-over in the inverted segments (table 3) .
Plotting the chiasma frequency against the inversion crossing-over frequency or the coefficient of hybridity ( fig. 2) clearly indicates the different orders of structural hybridity in the different hybrids. The "stenographer group" hybrids all have a similar level of structural hybridity. The F1, Marhan, resulting from different parents, has much increased hybridity. The open pollinated derivative from the "stenographer group ", Coronation, is clearly not a result of selfing within the group for its hybridity is increased. This is borne out by the unusual flower colour of this plant, yellow with purplish-maroon spots, compared with the orange-red flowers of the stenographer group hybrids.
A further indication of structural hybridity is the segregation for a factor or factors controlling the rate of cell division. This is observed as failure of synchronisation of sister cells at second division of meiosis ( Loss of lagging univalents and breaking of anaphase bridges after inversion crossing-over will result in pollen grains deficient for chromosomes or parts of chromosomes. Such deficient nuclei, except in rare cases such as in Hyacinthus (Brock, unp.) are expected to be inviable. Do they in fact reduce pollen fertility?
Pollen fertiliy.-Considering the species and the hybrids I find a relationship between the chiasma frequency and the pollen fertility ( fig. ) . In the hybrids pollen fertility is more closely related to the univalents per cell plus the inversion crossing-over frequency per cell (fig. ) for this takes into account the loss due to inversions as well as that due to lagging univalents.
Thus segregation is the main factor reducing pollen fertility. The reduction in fertility was in no case complete (table 7) surplus of pollen is produced this pollen sterility probably has little direct effect on the overall fertility of the plants.
EMBRYO-SAC DEVELOPMENT
Xormal development .-T he normal development of the embryo-sac in Lilium is illustrated in fig. 5 and plate i. Mitoses are synchronised and no cell walls are formed until the embryo-sac is fully developed. After meiosis one of the haploid nuclei migrates from the micropylar end to the chalazal end of the embryo-sac. At the next mitosis the remaining micropylar nucleus divides, at the same time the three chalazal nuclei form a common spindle and produce two triploid nuclei. One more mitosis produces four haploid and four triploid nuclei. The haploid nuclei form the egg, two synergids and one Xote.-Inversion crossing-over frequency calculated by adding together the frequency of bridges at first and second division per mother cell, counting double first division bridges as six (Darlington, 1937, p. 271 ).
Coefficient of hybridity in regard to inversion calculated by dividing inversion crossing-over frequency by chiasma frequency per cell. Abnormalities occurred frequently in hybrids and rarely in the species. Some of the abnormalities are illustrated in plate 2. They are of two kinds, chromosomal abnormalities and errors of synchronisation or differentiation.
Chromosome abnormalities.---The chiasma frequency in the embryosac mother cells was similar to that in the PMC's ( fig. 6 ) as was also became active but delayed behind the main nucleus. The centromeres have separated while the chromosomes remain not fully spiralised.
Errors of synchronisation and dz)5"erentiation.-The formation of the secondary four-nucleate embryo-sac with two haploid and two triploid nuclei depends on migration of one nucleus from the micropylar to the chalazal end and on synchronisation of mitoses in the three basal nuclei. The development of this stage is frequently abnormal in hybrids. Two tetraploid; four diploid; or four haploid plus two diploid nuclei being formed instead of two haploid and two triploid.
Failure of synchronisation occurs at the second division of meiosis in PMC of hybrids ( .. presumably be influenced by the products of segregation, the haploid nuclei. In these hybrids the result of such interactions are observed as abnormalities in chromosome distribution. The level of embryo-sac sterility is similar to pollen sterility in these hybrids but it has a more direct effect on the fertility of the plant as measured by seed development.
SEED DEVELOPING AFTER SELFING
Based on seed development the species are either self-fertile or selfsterile (table 7) . This behaviour suggests an incompatibility system such as pollen-style incompatibility but examination of pollen tube growth after selfing in fertile and sterile forms fails to support this suggestion. In L. regale, which is self-fertile, pollen tubes had reached 418 R. D. BROCK A further abnormality occurred at M IV in some of the species and hybrids where the basal triploid nucleus fails to divide, and sometimes degenerates. This results in seven or six nuclei in the mature embryo-sac but it probably has little effect on embryo-sac fertility for it merely reduces the number of the antipodal nuclei and does not affect the egg or polar nuclei. In calculating embryo-sac normality these have been regarded as normal. the base of the style (60 mm.) three days after pollination and were at the ovule five days after pollination. In L. pardalinum, which is self sterile, pollen tubes were normal in appearance and had reached the base of the style five days after pollination. Fertilisation could not be definitely established and there were no ovules developing three weeks after pollination. Thus the incompatibility reaction is Xots.-Pollen fertility is based on examination of 8oo to 5200 pollen grains for each species and hybrid. * Including some endosperms with spontaneous chromosome breakage.
determined very late and it may occur after fertilisation as has been suggested for Hemerocallis (Stout and Chandler, 1933) , Gasteria (Sears, 1937) and Theobroma (Knight and Rogers, 1953) .
Spontaneous chromosome breakage, resulting in degeneration of the endosperm and abortion of the embryo has already been reported in Lilium. This occurs frequently in hybrids and occasionally in the self fertile species, L. regale, and it may constitute the mechanism of incompatibility in the self sterile species. The swelling of the ovaries of L. candidum and L. Sovitsianum suggests a response either to pollination or to fertilisation and supports the view that seed development may fail after fertilisation. But it was not possible to establish that fertilisation had occurred. In the hybrids, however, every ovary swelled and three weeks after pollination there had been considerable failure of ovules after fertilisation.
Although the full explanation of the seed failure in the species cannot be given it is clear that, in the hybrids, the failure of seed development after fertilisation is more important in determining .Sq
